Cancer immunotherapy was deemed the medical breakthrough of 2013, in part because it can induce a rapid, durable, self-propagating and adaptable immune response. Specifically in prostate cancer, immunotherapy has emerged as a viable and attractive treatment strategy. To date, therapeutic cancer vaccines and immune checkpoint inhibitors are the two classes of immunotherapy that have demonstrated improvements in overall survival in patients with advanced tumors. The 2010 Food and Drug Administration approval of sipuleucel-T for asymptomatic or minimally symptomatic metastatic prostate cancer set the stage for ongoing phase III trials with the cancer vaccine PSA-TRICOM and the immune checkpoint inhibitor ipilimumab. A class effect of these approved immune-based therapies is a benefit in overall survival without short-term changes in disease progression, apparently due to modulation of tumor growth rate kinetics, in which the activated immune system exerts constant immunologic pressure that slows net tumor growth. A growing body of evidence suggests that the ideal population for clinical trials of cancer vaccines as monotherapy is patients with lower tumor volume and less aggressive disease. Combination strategies include immunotherapy with standard therapies or with other immunotherapies. Here we review emerging data on immunotherapy for patients with prostate cancer.
Introduction
Interest in immunotherapy for prostate cancer has intensified in recent years. The goal of immunotherapy is to harness the immune system's ability to recognize and destroy tumor cells. Prostate cancer is amenable to immunotherapeutic approaches for several reasons [Gulley and Drake, 2011] . First, early detection and the generally indolent course of prostate cancer allow sufficient time to generate immune responses that may take weeks or months to mount. Next, because the prostate is a nonessential organ, eradication of residual normal prostate tissue as a result of an immune response has no clinical sequelae. Finally, and perhaps most importantly, prostate cancer cells express several tumor-associated antigens (TAAs) such as prostate-specific antigen (PSA), prostatic acid phosphatase (PAP) and prostate-specific membrane antigen. These TAAs are ideal targets for activated immune cells [Bostwick et al. 1998; Goldfarb et al. 1986; Wang et al. 1979] .
At center stage for immunotherapy of prostate cancer are therapeutic cancer vaccines and immune checkpoint inhibitors. Therapeutic cancer vaccines, which are associated with minimal toxicity, are designed to stimulate immune cells to target specific TAAs that are overexpressed on cancer cells. Antigen-presenting cells (APCs) present antigens to the immune system via major histocompatibility complex (MHC) molecules, which bind to appropriate T-cell receptors (TCRs). Activated T cells travel to the tumor, which they recognize by way of the TAAs presented in the context of the MHC, leading to T cell-mediated killing of tumor cells, known as immunogenic cell death. Unlike standard cancer treatment effects, immunotherapeutic effects may persist well beyond tumor cell death. Over time, the immune system may broaden its response to target multiple TAAs not included in the initial vaccine construct. As T cells lyse tumor cells, additional TAAs may be taken up by APCs and presented to immune cells as potential new targets. This expanded T-cell response, known as antigen spreading or antigen cascade, may become more clinically relevant over time [Gulley, 2013] .
Immune checkpoint inhibitors interfere with the immune system's autoregulatory mechanisms, allowing for an expanded T-cell response and greater antitumor effects [Krummel and Allison, 1995] . Ipilimumab, a fully human monoclonal antibody, inhibits negative signals sent to T cells through the cell-surface molecule cytotoxic T lymphocyte antigen-4 (CTLA-4), thus blocking a negative checkpoint and removing a physiologic brake on the immune system. This first-in-class immune checkpoint inhibitor was approved by the US Food and Drug Administration (FDA) for the treatment of metastatic melanoma, based on overall benefit seen in clinical trials. Ipilimumab has been evaluated in late-stage clinical trials in patients with metastatic castration-resistant prostate cancer (mCRPC) [Hodi et al. 2010] .
Sipuleucel-T (Provenge®)
Sipuleucel-T is an FDA-approved autologous dendritic cell vaccine designed to target PAP. It is currently used to treat minimally symptomatic or asymptomatic mCRPC. A patient's peripheral blood mononuclear cells are harvested and shipped to a central processing facility where APCs are enriched by density centrifugation and pulsed with PA2024, a fusion protein consisting of PAP linked to the immunomodulatory cytokine granulocyte-macrophage colony-stimulating factor (GM-CSF) [Patel and Kockler, 2008; Rini, 2002] . The resulting product must meet a minimum threshold of CD54 expression, a marker of APC activation, before it can be released for use. The vaccine is then infused into the patient three times at biweekly intervals. A pair of small phase III trials of sipuleucel-T showed no improvement in time to progression (TTP), the primary endpoint, but did show a consistent benefit in overall survival (OS). These results led to the larger phase III registration trial known as IMPACT (n = 512), which was designed with OS rather than TTP as the primary endpoint. At a median follow up of 34 months, patients treated with sipuleucel-T showed significantly improved OS compared with placebo [25.8 versus 21.7 months; hazard ratio (HR) 0.78; 95% confidence interval (CI 0.61-0.98) [Kantoff et al. 2010a] . As in the earlier trials, there was no significant change in time to radiographic or PSA progression, and there were few sustained declines in PSA >50%.
Since the FDA approval of sipuleucel-T, further studies have shed light on the types of patients who may derive the most benefit from immunotherapy. A retrospective analysis of the IMACT trial found that patients in the lowest quartile of PSA values received the greatest benefit from the vaccine, with a 13-month improvement in OS (41.3 months with sipuleucel-T versus 28.3 months with placebo; HR 0.51; 95% CI 0.35-0.85). In contrast, patients in the highest baseline PSA quartile had a median OS of 18.4 versus 15.6 months for placebo (HR 0.84; 95% CI 0.55-1.29), an improvement of only 2.8 months [Schellhammer et al. 2013] . Recent retrospective data also suggest evidence of antigen cascade with sipuleucel-T [Drake et al. 2014a] , as previously described with the prostate cancer vaccine PROSTVAC-VF [Gulley et al. 2014] . With sipuleucel-T, the target antigen is PAP, while immunoglobulin G (IgG) antibodies to PAP serve as evidence of adaptive immune response. While no anti-PAP IgG antibodies were induced in the placebo group, patients in the treatment group showed evidence of induction that was statistically significant for this and a number of other antigens as well. This retrospective analysis revealed that OS was greater in patients receiving sipuleucel-T who had IgG responses to ⩾2 secondary antigens (antigen spreading) compared with patients who had no such response (Cox model, p ⩽ 0.01, HR ⩽ 0.4) [Drake et al. 2014a ]. In all three trials, sipuleucel-T was well-tolerated, with minimal toxicities (headache, transient fever, and flu-like symptoms were most frequently reported).
Trials investigating optimal sequencing of sipuleucel-T and androgen-deprivation therapy (ADT), as well as the use of concurrent and sequential abiraterone, are ongoing. In order to evaluate the impact of concurrent abiraterone on product characteristics, an ongoing phase II trial is examining sipuleucel-T with concurrent or sequential abiraterone plus prednisone. Preliminary results have found no significant differences in median cumulative CD54 upregulation and CD54+ count between arms A and B. Increased CD54 upregulation with the second and third sipuleucel-T vaccinations indicated a prime-boost effect in both arms. These data suggest that sipuleucel-T can be manufactured during treatment with abiraterone and prednisone while maintaining product potency and a prime-boost effect similar to sipuleucel-T alone [Small et al. 2013] . Additionally, preliminary data from the long-term phase II STAND study were recently presented at the European Association of Urology (EAU) Annual Congress [Antonarakis et al. 2014] . The STAND study is a randomized phase II trial with two treatment arms: one completes treatment with sipuleucel-T 2 weeks before the start of ADT; the second begins sipuleucel-T treatment 3 months after the start of ADT. Preliminary results suggest enhanced cellular immune response when sipuleucel-T is given after ADT. These responses were robust and persisted for at least 12 months in both patient groups [Antonarakis et al. 2014] .
PSA-TRICOM (PROSTVAC-VF)
PSA-TRICOM is a poxviral vector-based vaccine consisting of a priming dose of recombinant vaccinia followed by five or six boosts with recombinant fowlpox [Madan et al. 2009; Longo, 2010] . Both the vaccinia and fowlpox vectors are engineered to express PSA and three costimulatory molecules (TRICOM) designed to enhance the immune response. PSA-TRICOM is an offthe-shelf vaccine that can be cost-effectively produced in large quantities. Frozen doses are thawed and injected into patients, making PSA-TRICOM a logistically simple yet immunologically advanced vaccine. Several early trials demonstrated that the prime-boost regimen was well tolerated, with toxicities consisting mainly of transient flu-like symptoms and injection-site reactions [Arlen et al. 2007; Eder et al. 2000; Marshall et al. 2000; Gulley et al. 2002] . As in trials of sipuleucel-T, a randomized double-blind placebo-controlled phase II trial of PSA-TRICOM in men with mCRPC showed no difference in TTP [Kantoff et al. 2010b ]. However, a mature follow up showed that PSA-TRICOM conferred significantly improved OS (25.1 versus 16.6 months; HR 0.56; 95% CI 0.37-0.85), with a 3-year survival of 30% versus 17% for placebo [Kantoff et al. 2010b ]. TAA-specific responses were also observed by ELIPSOT in patients treated with PSA-TRICOM. Specifically, ELISPOT analyses of patients' T-cell responses to the PSA epitope in the vaccine demonstrated a trend toward a difference in OS for patients with a >6-fold postvaccination ELISPOT response to PSA versus patients with a <6-fold postvaccination ELISPOT response to PSA (p = 0.055) ].
An international phase III trial is currently open and accruing 1200 patients with asymptomatic or minimally symptomatic mCRPC, with OS as the primary endpoint [ClinicalTrials.gov identifier: NCT01322490]. Patients are randomized to receive PSA-TRICOM with adjuvant GM-CSF, PSA-TRICOM with placebo GM-GSF, or wildtype fowlpox with placebo GM-CSF. This trial is expected to complete accrual in 2014.
GVAX
GVAX vaccine is based on a platform of irradiated hormone-sensitive (LNCaP) and hormoneresistant (PC-3) prostate cancer cell lines genetically modified to secrete GM-CSF. Two phase III trials of this allogeneic cell-based vaccine have had disappointing results [Cell Genesys, 2008a , 2008b . VITAL-1 randomized asymptomatic mCRPC patients to receive vaccine or docetaxel-prednisone, but was terminated early when estimates showed a <30% chance that the trial would meet its primary endpoint. Preliminary data suggested an HR of 1.01, indicating no improvement in OS compared with docetaxel, even though GVAX was associated with fewer serious adverse events (4.2 versus 16.9 %). GVAX is currently being tested in the neoadjuvant setting in a phase II trial in which patients with medium-to high-risk disease are randomized to hormonal therapy alone versus GVAX followed by hormonal therapy. All patients then undergo radical prostatectomy. The primary endpoint of this ongoing trial is to determine intraprostatic CD8+ T-cell infiltration [ClinicalTrials.gov identifier: NCT01696877].
Listeria-based vaccines
A live-attenuated recombinant Listeria monocytogenes (Lm)-based PSA vaccine is currently in development for use in prostate cancer. Listeria is an intracellular pathogen that is actively phagocytosed by APCs. It replicates in the cytosol after escaping from the phagosome, through expression of its virulence factors [Barry et al. 1992; Tilney and Portnoy, 1989] . By processing antigens through the MHC I pathway, Lm can generate CD8+ immune responses, making it an ideal vector for cancer vaccines. Novel technology allows attenuated Listeria to be given safely to humans, providing an expanded therapeutic window [Brockstedt and Dubensky, 2008] . Listeriabased vaccines have been employed in several malignancies, including pancreatic cancer and mesothelioma [Clinical trial identifier for NCT01675765; Le et al. 2013] .
Therapeutic cancer vaccines have the ability to induce an immune response, which in turn can lead to killing of tumor cells. Patients with no underlying antitumor immune response may still benefit from a therapeutic vaccine. On the other hand, immune checkpoint inhibitors like ipilimumab and anti-PD-1/PDL-1 require an underlying immune response to be clinically active. In that scenario, immune checkpoint inhibitors can unleash underlying, but previously ineffective, immune responses.
Ipilimumab
Ipilimumab, a fully human anti-CTLA-4 monoclonal antibody, is a first-in-class immune checkpoint inhibitor. CTLA-4, the most extensively studied immune checkpoint blockade, is expressed on cytotoxic T lymphocytes (CTLs) after activation by APCs. The CTLA-4 receptor on CTLs is a negative regulator of T-cell activation that outcompetes CD28 for binding to B7 on APCs. In contrast to CD28/B7 binding, which acts as a costimulatory signal, the binding of CTLA-4 by ipilimumab removes the physiologic brake, augmenting the immune response by blocking the interaction of CTLA and B7 [Krummel and Allison, 1995] .
Ipilimumab was FDA-approved in 2011 for the treatment of unresectable or metastatic melanoma. The approval was based on a randomized (3:1:1) double-blind clinical trial that demonstrated an OS benefit in patients receiving ipilimumab. Phase III trials of ipilimumab are ongoing in both chemotherapy-naïve and chemotherapy-refractory mCRPC, based on the results of early-phase studies [Slovin et al. 2013 ]. The first trial randomizes chemotherapy-naïve patients to ipilimumab versus placebo [ClinicalTrials.gov identifier: NCT01057810]. The second compares limited radiation plus ipilimumab to limited radiation plus placebo in patients previously treated with chemotherapy [ClinicalTrials.gov identifier: NCT00861614]. As presented at the European Cancer Congress, results of this trial showed a median OS favoring ipilimumab over placebo (11.2 versus 10 months; HR 0.85, 95% CI 0.72-1.00), though statistical significance was not achieved (p = 0.053). Interestingly, median progression-free survival (PFS) also favored ipilimumab over placebo (HR 0.70, 95% CI 0.61-0.82), as did PSA declines of ⩾50% in evaluable patients (13.1% versus. 5.3%) [Gerritsen et al. 2013] . Results of subset analyses of OS were recently reported at the 2014 American Society of Clinical Oncology (ASCO) Genitourinary Cancers Symposium [Drake et al. 2014b] . In this retrospective analysis, patients with visceral metastases or higher disease burden had a shorter OS and did not appear to have a treatment effect with ipilimumab (HR 1.644, 95% CI 1.157-2.336). These results support the concept that immunotherapy given earlier in the course of disease may produce better outcomes and suggests the need for further investigation of ipilimumab in mCRPC patients prechemotherapy.
Growth rate kinetics and antigen cascade
There are several key distinctions between conventional and immune-based therapies for cancer . Response to immunotherapy is best described as an iterative process, in which the immune response improves and broadens over time. Following administration of therapeutic vaccines and other immunotherapies, the combination of immunogenic tumor targeting often results in a delayed response, and in some cases tumors actually progress before they regress [Harty and Badovinac, 2008] . While the initial immune response to a single TAA is quite brisk, the activated immune response may lead to the development of long-lived memory cells that can sustain clinical benefit beyond the period of treatment [Schlom et al. 2007] . Over time, the immune response may broaden to target TAAs not found in the initial vaccine construct. This antigen cascade is an iterative process that may persist longterm and become more clinically relevant over time [Gulley, 2013] . This delayed yet prolonged response leads to a different kinetic profile of clinical response following immunotherapy compared with conventional treatments.
In an analysis of clinical trials conducted in prostate cancer at the US National Cancer Institute (NCI) over the last decade, investigators evaluated tumor burden as measured by PSA [Stein et al. 2011] . They found a reliable decrease in tumor burden in a majority of patients treated with the most aggressive chemotherapy regimen. However, when disease invariably began to progress, it appeared that the tumor growth rate, as measured by PSA, rose to prechemotherapy levels, allowing for easy predictions of survival . Therapeutic cancer vaccines, on the other hand, have a very different kinetic profile. In the same retrospective analysis of NCI trials, the majority of patients receiving immunotherapy had no significant decrease in tumor burden as measured by PSA. This may have been due in part to antigen cascade, where over time the dynamic, iterative immune response becomes broader and more clinically relevant. Indeed, patients lived much longer than predicted based on this model, suggesting an eventual slowing of the tumor growth rate. This change in growth rate kinetics may partially explain why clinical trials with immunotherapy see improvements in OS without an advantage in PFS ]. If this model is correct, it suggests that rational combinations of standard-of-care therapies with immunotherapy could control disease long enough to generate a clinically significant immune response that could slow the tumor growth rate. The net result could be an improvement in PFS compared with standard-of-care alone, something not routinely seen in studies of immunotherapy alone. This could accelerate proof-of-concept studies and potentially shorten the development cycle of new immunotherapeutic agents.
To be effective, immunotherapies must generate an antitumor immune response. TAA-specific lymphocytes must travel to the tumor, recognize it, and remain functional within the tumor microenvironment. They can only do this when TCRs recognize antigen peptides bound to appropriate molecules of the MHC complex on cancer cells. When T cells specific for that MHC-antigen complex become activated, they upregulate Fas ligand, bind to Fas on the tumor cell, and initiate a downstream caspase cascade, leading to tumor cell apoptosis. Activated T cells can also release granzymes that can kill the target cell and surrounding tumor cells. Thus, expression of MHC and TAAs, as well as Fas, on the tumor cell enables T-cell recognition and killing of tumor cells ( Figure 1 ).
Combination therapy (Table 1)

Immunogenic modulation
Many standard antitumor therapies can modulate tumor phenotype in a way that facilitates immune recognition and killing, a phenomenon called immunogenic modulation. A growing body of clinical evidence suggests that various modalities, such as radiation and hormonal therapy, play a role in upregulating the antitumor immune response [Hodge et al. 2013 ]. The killing of tumor cells can lead to immunogenic cell death, in which cells are taken up by APCs and presented to the immune system, a concept that has been fully reviewed elsewhere [Kroemer et al. 2013 ]. However, for the patient, the cells that survive this process are more clinically relevant. Preclinical models show that low-dose radiation upregulates MHC class I, adhesion molecules and Fas, as well as novel pools of peptides [Chakraborty et al. 2008] . Data from a small randomized phase II study involving radiation therapy suggest a potential impact on tumor that may be immunologically relevant [Gulley et al. 2005; Hodge et al. 2008 ]. This facilitates a broader immune response, or antigen spreading, which may be more clinically relevant than direct tumor cell lysis. 153 Sm-EDTMP is a therapeutic agent consisting of radioactive samarium ( 153 Sm) and ethylenediamine tetra(methylene phosphonic acid) (EDTMP), a phosphonic acid with chelating properties. With a structure similar to phosphorus, 153 Sm-EDTMP preferentially binds to osteoblastic metastatic tumor deposits in bone. 153 Sm-EDTMP is currently FDA-approved for palliation of bone metastases in multiple malignancies. In vitro studies have shown that 153 Sm-EDTMP upregulates TAAs, MHC class I and Fas, making it easier for the immune system to recognize and kill tumor cells [Chakraborty et al. 2003 [Chakraborty et al. , 2004 . In preclinical studies, LNCaP cells incubated with 153 Sm-EDTMP were more susceptible to T-cell killing. In a small randomized phase II study, patients with CRPC metastatic to bone who had prior docetaxel were randomized to receive 153 Sm-EDTMP with or without vaccine [ClinicalTrials.gov identifier: NCT00450619]. In this proof-of-concept study, PFS, the primary endpoint, was about double in the combination arm as the control, and combination therapy was associated with a favorable PSA response .
There is also a convincing biologic rationale for combining ADT with immunotherapy. Preclinical data show that ADT increases thymic size; data from patients suggest that ADT promotes new activity within the thymus and significantly increases thymic immigrants [Aragon-Ching et al. 2007 ]. In the neoadjuvant setting, patients treated with ADT prior to radical prostatectomy showed an increase in CD3+ cells within the prostate [Mercader et al. 2001] . Finally, in murine models ADT has been shown to break tolerance to prostate-associated antigens [Drake et al. 2005] .
Preclinical studies involving enzalutamide, a novel androgen receptor antagonist, have enhanced the rationale for combination therapy. In murine models, treatment with enzalutamide increased thymic weight and serum levels were similar to what is clinically relevant [Ardiani et al. 2013] . New naïve T cells were produced, as measured indirectly by TCR excision circles, suggesting increased thymic function. Even more intriguing is the observation that enzalutamide appears to mediate immunogenic modulation. TRAMP-C2 prostate cells incubated with enzalutamide had a five-fold increase in MHC class I expression, and levels of Fas on the surface of tumor cells nearly doubled, enhancing tumor-cell recognition and killing [Ardiani et al. 2013] . Studies in TRAMP models evaluating treatment with vaccine, enzalutamide or the combination of both found no activity with either agent as monotherapy. On the other hand, mice treated with the combined agents had a substantial increase in survival (27 versus 10 weeks).
In a recently published case report [Graff et al. 2013 ], a patient with mCRPC initially treated with enzalutamide had a good response but eventually progressed biochemically. He was then treated with sipuleucel-T and achieved an initial stabilization followed by a sustained complete biochemical Figure 1 . T-cell mediated killing of tumor cells. Therapeutic cancer vaccines are designed to stimulate immune cells to target specific tumor-associated antigens (TAAs) overexpressed on cancer cells. Antigen-presenting cells (APCs) present antigens to the immune system via major histocompatibility complex molecules, which bind to T-cell receptors (TCRs). Activated T-cells travel to the tumor, recognized by the TAAs presented in the context of the major histocompatibility complex (MHC), leading to T cell-mediated killing of tumor cells by immunogenic cell death. When T cells specific for that MHC-antigen complex become activated, they upregulate Fas ligand, bind to Fas on the tumor cell, and initiate a downstream caspase cascade, leading to tumor cell apoptosis. Activated T cells can also release granzymes that can kill the target cell and surrounding tumor cells. Thus, expression of MHC and TAAs, as well as Fas, on the tumor cell enables T-cell recognition and killing of tumor cells. FAS-L, Fas-ligand; ICAM, intracellular adhesion molecule; LFA-1, lymphocyte function-associated antigen 1. response. A randomized phase II trial is currently enrolling patients with nonmetastatic CRPC to receive a 3-month course of enzalutamide with or without PSA-TRICOM [ClinicalTrials.gov identifier: NCT01875250]. The primary endpoint of this trial is to determine the vaccine's effects on PSA growth kinetics after enzalutamide is discontinued. This proof-of-concept study will help define the benefits of combining ADT with immunotherapy. A similar study (enzalutamide until progression versus enzalutamide with PSA-TRICOM) is being conducted in chemotherapynaïve patients with mCRPC [ClinicalTrials.gov identifier: NCT01867333].
Immunogenic intensification
One of the most compelling areas of study in immunotherapy is the effects of combining immunotherapeutic approaches, a process known as immunogenic intensification. Novel approaches such as combining vaccine with immune checkpoint inhibitors highlight the potential of immunogenic intensification [Tarassoff et al. 2006 ], whereby combining immunotherapies could potentially generate a greater immune response and enhance tumor cell killing. Previous clinical studies have shown evidence of enhanced clinical outcomes without increased toxicity. For example, combining ipilimumab, an anti-CTLA-4 antibody, and PSA-TRICOM provides direct T-cell activation while removing physiologic brakes on the immune system, allowing for a more robust CTL response. Activated T cells upregulate CTLA-4, which sends a negative regulatory signal to T cells, a signal that is blocked by anti-CTLA-4 antibody. Anti-CTLA-4 may also increase T-cell avidity [Hodge et al. 2005; Simpson et al. 2013 ]. Regulatory T cells (Tregs) constitutively express CTLA-4. Simpson and colleagues recently demonstrated that anti-CTLA-4 antibody can selectively deplete Tregs within the tumor [Simpson et al. 2013] .
A phase I study treated 30 patients with docetaxel-refractory or chemotherapy-naïve mCRPC with a fixed dose of PSA-TRICOM in conjunction with escalating doses of ipilimumab given at monthly intervals. Of the 24 patients who were chemotherapy-naïve, 14 (58%) had PSA declines, 6 of which (25%) were >50%. The median OS of patients treated with this combination was 34.4 months with a median Halabi predicted survival of 17.2 months. In a like-sized trial at the same institution of a parallel et al. 2012] . Approximately 29% of patients experienced grade 3 immune-related adverse events (5 mg/kg led to a dose-limiting toxicity in one patient). Exploratory T-cell monitoring revealed prolonged OS for patients with high pretreatment frequencies of CD4 + CTLA-4+, CD4 + PD-1+, or differentiated CD8+ T cells, or low pretreatment frequencies of CD4+ cells. Unsupervised clustering of these immune biomarkers revealed cancer-related expression of CTLA-4 in CD4+ T cells to be a dominant predictor of survival after GVAX/ipilimumab treatment, highlighting the significance of biomarkers and patient selection in immunotherapy [Santegoets et al. 2013] . Early safety and efficacy studies of ipilimumab plus vaccine have given way to trials of combination therapy with immune checkpoint inhibitors. These trials, in turn, provide a rationale for combining prostate cancer vaccines with monoclonal antibodies that target immune checkpoint inhibitors including programmed cell death protein 1 (PD-1) or its ligand (PD-L1) [Brahmer et al. 2010; Brahmer, 2012; Topalian et al. 2012] .
Conclusion
Recent FDA approval of multiple agents with proven benefit in prostate cancer has laid the groundwork for studies of rational sequential or combination regimens (Table 2 ). The lack of additive toxicities and the possibility of immunogenic modulation make the combination of traditional modalities with immunotherapy, as well as the combination of vaccine with immune checkpoint inhibitors, very compelling. Our growing understanding of how best to employ immunotherapy, along with mounting enthusiasm for this approach, make it reasonable to contemplate major advances in the treatment of prostate cancer in the near future as combination and sequential therapies continue to emerge.
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